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2.0 INTRODUCTION 

RATIONALE FOR USING THE SATURN MONITOR AND ABORT CREW CHARTS 

FOR APOLLO 10 (MISSION F )  

By Contingency Ana lys i s  Sec t ion  

1.0 SUMMARY 

The purlnose of t h i s  document i s  t o  e x p l a i n  t h e  crew c h a r t s  t h a t  t h e  
F l i g h t  Analys is  Branch has  prepared f o r  Apollo 10 (Miss ion  F ) .  
o n e r a t i o n a l  a b o r t  n l a n  f o r  A ~ o l l o  10 (Mission F )  ( r e f .  1) i n c l u d e s  a 
complete  d e s c r i p t i o n  of a b o r t  modes, ph i losophy,  and c o n s t r a i n t s  used 
i n  t h e  g e n e r a t i o n  of t h e s e  crew c h a r t s .  

The 

The fo l lowing  s e c t i o n s  inc lude  cop ie s  of t h e  a p p l i c a b l e  crew c h a r t s  
as w e l l  as a d i s c u s s i o n  of t h e  s i t u a t i o n s  t h a t  r e q u i r e  t h e i r  u s e .  
F i n a l l y ,  t h e  procedure  f o r  u s i n g  each of t h e  c h a r t s  i s  inc luded .  

The crew c h a r t s  conta ined  i n  t h i s  document were prepared  by t h e  
F l i g h t  Analys is  Branch for t h e  F miss ion  launched May 18, 1969. 
r e q u i r e d  t o  update  t h e  crew c h a r t s  because of v a r i a t i o n s  i n  launch  d a t e  
are d i scussed  i n  each s e c t i o n  where aDpl i cab le .  The crew c h a r t s  inc luded  
are  l i s t e d  below a long  wi th  t h e  r e s n o n s i b l e  F l i g h t  Analys is  Branch 
p e r s o n n e l .  

Changes 

c p.1 

CMC 

(a) Launch a b o r t ,  s e c t i o n  4.0: E .  M .  Henderson 

(b) TLI  moni tor ing ,  s e c t i o n  5.1: C .  T .  Hyle 

( e )  TLI a b o r t ,  s e c t i o n  5 .2 :  C .  J .  Lae tz  

( d )  LO1 a b o r t ,  s e c t i o n  6 . 0 :  C .  E .  Foggat t  

3.0 ABBREVIATIONS 

command module 

command module comnuter 
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fs  

p . e . t .  

h 

I GA 

II J 

TJOT 

T f T - I  

ISIT-2 

crew o p t i c a l  a l inement  s i g h t  

cont ingency o r b i t  i n s e r t i o n  

command and s e r v i c e  modules 

d e s c e n t  nroDulsion system 

rl i sn 1 ay 1: eyhoard 

AV magnitude 

e n t r y  moni tor ing  system 

e v t h  nark ing  o r b i t  

e a r l y  S-IVB s t a g i n g  

f l i g h t  d i r e c t o r  a t t i t u d e  i n d i c a t o r  

e n t r y  l o a d  

ground e l a n s e d  t i m e  

a l t i t u d e  

i n n e r  gimbal a n g l e  

i n e r t i a l  measurement u n i t  

ins t rument  u n i t  

l u n a r  o r b i t  i n s e r t i o n  

f i r s t  LO1 burn  i n t o  a 60- by 170-n. m i .  a l t i t u d e  o r b i t  

l u n a r  o r b i t  c i r c u l a r i z a t i o n  burn  i n t o  a 6 0 - n -  mi. 
a l t i t u d e  o r b i t  

midcourse c o r r e c t  i o n  

middle gimbal anPle  

Planned Fnace F l i p h t  Network 

out,er gimbal angle  

c 
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R C S  

s r  

s-IC 

S C S  

s-I1 

S-IVB 

SPLERROR (AR) 

SPS 

T A R  

THC 

T L C  

TLI 

t B  

r e a c t i o n  c o n t r o l  system 

t r a n s f o r m a t i o n  m a t r i x  from i n e r t i a l  t o  s t a b l e  member ( I M J )  

snac e c r a f  t 

launch  v e h i c l e  f i r s t  s t a g e  

s t a b i l i z a t i o n  and c o n t r o l  subsystem 

launch v e h i c l e  second s t a g e  

launch v e h i c l e  t h i r d  s t a g e  

d i f f e r e n c e  between t h e  onboard Dredic ted  l a n d i n r  Doint 
and t h e  mode I11 t a r g e t  p o i n t  

s e r v i c e  propuls ion  subsystem 

t ime from abor t  t o  r e e n t r y  

t r a n s l a t i o n a l  hand c o n t r o l l e r  

t r a n s  l u n a r  coas t  

t r a n s l u n a r  i n j e c t i o n  

burn t ime  

t ime of f r e e  fall 
t f f  

t ime of i g n i t i o n  

i n e r t i a l  v e l o c i t y  
‘i 

AR SP LERR OR 

nv t o t a l  sensed v e l o c i t y  change 

S u b s c r i n t s  : 

P p e r i g e e  

IG i g n i t i o n  



i i n e r t i a l  

1 body axis system 

4.0 LAUNCH PHASE CHARTS 

1’3 f a c i l i t a t e  t r a , j e c t o r y  moni tor ing  d u r i n g  t h e  launch p h a s e ,  t h e  
1 - P W  I I ~ P S  t h e  F D P T  and DSKY d i s p l a y s  w i t h  two onboard crew c h a r t s .  The 

f i l  , h r i r t  ( = r e v  ch3r-t 1) n r e s e n t s  t h e  nominal launch p r o f i l e  a long  
kyi t t l  t h e  GLbort t r a , j e c t o r y  l i m i t s  and t h e  o r b i t a l  c a n a b i l i t y  r e g i o n s .  
’his  c h a r t  would be used by t h e  crew t o  h e l n  determine when an a b o r t  

w o i i l  1 b e  r e q u i r e d  f o r  t r a j e c t o r y  d e v i a t i o n s  and t o  de te rmine  what a c t i o n  
( y l l c r t  mode) would b e  r e o u i r e d  i f  an a b o r t  should occur .  Normally,  t h e  
pround contixol w i l l  inforn! t h e  crew when t r a J e c t o r y  l i m i t s  are v i o l a t e d  
and w i l l  advise  t h e  crew on t h e  a q r o p r i a t e  a b o r t  a c t i o n .  However, i f  
v o i c e  cmununications w e r e  l o s t  d u r i n g  l a u n c h ,  t h e  crew would have t o  
denend on crew c h a r t  1 and on t h e  onboard d i s p l a y s  f o r  t h i s  i n f o r m a t i o n .  
The second c h a r t  (crew c h a r t  2 )  l i s t s  t h e  planned t r a j e c t o r y  parameters  
f o r  t h e  nominal launch .  T h i s  c h a r t  w i l l  b e  used by t h e  crew t o  monitor  
t h p  t r a j e c t o r y  parameters d u r i n g  launch ,  and t h e  d a t a  would p r o v i d e  t h e  
launch v e h i c l e  s t e e r i n g  parameters  i f  t h e  crew manually t a k e s  over  a f te r  
a launch v e h i c l e  p l a t f o r m  f a i l u r e  d u r i n g  t h e  S-I1 and t h e  S-IVB p o r t i o n s  
of t h e  launch.  

The nominal launch p r o f i l e  and t h e  a s s o c i a t e d  a b o r t  t r a j e c t o r y  
limits and c a p a b i l i t y  l i n e s  are shown as f u n c t i o n s  of i n e r t i a l  v e l o c i t v  
*in3 T l t i t u d e  r a t e  i n  crew c h a r t  1. The c h a r t  has  a d u a l  f u n c t i o n .  

(a) To determine when an a b o r t  i s  necessary  f o r  t r a j e c t o r y  
, i w  i a t  i ons  

(h) ‘To determine what c a n a b i l i t y  e x i s t s  i f  t h e  launch  v e h i c l e  
shirts down 

For t h e  f i r s t  f u n c t i o n ,  i f  t h e  a c t u a l  f l i p h t  t race v i o l a t e s  t h e  
s t r i r c t r i r a l  l i m i t ,  t h e  h e a t i n g  l i m i t  ( i n v a l i d  f o r  engine  o u t ) ,  o r  t h e  
I& maximum e n t r y  load ? a c t o r  l i m i t ,  t h e  crew would h e  r e q u i r e d  t o  
i n i t i - i t r  an a b o r t .  I f  t h e  t r a c e  approaches t h e  100-second f r e e - f a l l  
limit, t h e  c r e w  would i n i t i a t e  an a b o r t  when t h e  DSKY d i s p l a y  of  free- 
?:i l l  t i m e  i s  100 seconds and d e c r e a s i n p .  Note t h a t  t h e  ground c o n t r o l  
noi-mdly would inform t h e  crew both  by v o i c e  and by command of  t h e  a b o r t  
l i g h t  for t r a j e c t o r y  v i o l a t i o n s  i f  v o i c e  communications and command 
c a p a b i l i t y  e x i s t .  
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For t h e  second f u n c t i o n  of t h e  f i r s t  c h a r t  ( i . e . ,  t o  de te rmine  what 
c a n a b i l i t y  e x i s t s  i f  t h e  launch v e h i c l e  s h u t s  down), s e v e r a l  n o s s i b i l i t i e s  
e x i s t  based on t h e  boundar ies  c rossed  by t h e  f l i g h t  t r a c e .  

(a) ESS t o  C O I  t i c k  - t h e  crew could  manually ups tage  t o  t h e  S-IVB 
and could  achieve  t h e  mode I V  C O I  r e g i o n .  

(b) ESS t o  o r b i t  t i c k  - t h e  crew could  manually ups tage  t o  t h e  
F-TVB and a c h i e v e  e w t h  r a r k i n g  o r b i t .  

( e )  Mode I V ,  COT boundary - t h e  crew could  u s e  t h e  SPS manually t o  
‘ : r I i ieve o r b i t  ( e i t h e r  a two-imnulse, a s i n g l e  imnulse,  o r  an anogee k i c k  
rrlaiieiiver) . 

( d )  Mode II/mode I I T  l i n e  or AR > -400 n .  m i .  - i f  a s u b o r b i t a l  
a b o r t  were r e q u i r e d ,  t h e  crew would u s e  l i f t  c o n t r o l  o r  an SPS burn  o r  
b o t h  t o  o b t a i n  an A t l a n t i c  landing .  

( e )  GO/NO-GO l i n e  - no a c t i o n  would be recluired by t h e  crew ( e x c e n t  
for an o v e r s p e e d ) ;  a s a f e  o r b i t  has  been achieved;  h > 75 n .  m i .  Again,  

t h e s e  c q n a h i l i t i e s  would be re laved  from ground c o n t r o l  when v o i c e  
communications e x i s t .  

P, 

The second c h a r t  f o r  t h e  launch p h a s e ,  crew c h a r t  2 ,  l i s t s  t h e  SC 
T W J  p i t c h  fimbal a n g l e ,  i n e r t i a l  v e l o c i t y ,  a l t i t u d e  r a t e ,  and a l t i t u d e  
‘is funct , ions of ground e l a p s e d  t i m e  f o r  t h e  nominal Dlanned n r o f i l e .  
These parameters  w i l l  be  comnared t o  t h e  a c t u a l  f l i g h t  v a l u e s  as an 
estimate of t h e  t r a j e c t o r y  s t a t u s  d u r i n g  t h e  launch .  The primary func- 
kion of  t h i s  c h a r t  w i l l  b e  t o  provide crew s t e e r i n g  narameters  i f  a 
manual takeover  should occur  ( s t i c k  s t e e r i n g )  a f t e r  launch v e h i c l e  I U  
p la t form f a i l u r e .  The SC: comnuter w i l l  n r o v i d e  s t e e r i n g  commands for 
t,hc f i r s t  s t -we (S-IC) p o r t i o n  of t h e  f l i g h t ,  and t h e  crew w i l l  manual ly  
11-ovide  s t c e r i n p  commands f o r  t h e  second and t ,h i rd  s t a g e  (S-I1 and S-IVB) 
n o r t i o n s  o f  t h e  launch .  The crew w i l l  u s e  t h e  narameters  i n  crew c h a r t  2 
i n  conJunct ion  w i t h  t h e  FDA1 and  DSKY d i s p l a y s .  
i n e r t i a l  v e l o c i t y  on t h e  DSKY with t h e  i n e r t i a l  v e l o c i t y  on t h e  c h a r t ,  
t h e  crew w i l l  command t h e  a p p r o p r i a t e  p i t c h  gimbal a n g l e  t o  a c h i e v e  t h e  
di-s i red a l t i t u d e  r a t e  and a l t i t u d e  p r o f i l e  and w i l l  c o n t i n u a l l y  check 
t h e  r e s u l t s  w i t h  t h e  c h a r t  u n t i l  o r b i t a l  i n s e r t i o n  i s  achieved.  Note 
t h a t  t h i s  Drocedure and t h e s e  narameters  assume a normally f u n c t i o n i n g  
I-iunch v e h i c l e  excent  f o r  t h e  p la t form f a i l u r e .  

After comparison of t h e  
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5.0 TRANSLUNAR I N J E C T I O N  CREW CHARTS 

5 . 1  Trans lunar  I n j e c t i o n  Monitor ing C r e w  C h a r t s  

Next t o  i n s u r i n g  crew s a f e t y ,  t h e  pr imary o b j e c t i v e  a f t e r  a problem 
develops  during TLI, as w e l l  as d u r i n g  a l l  o t h e r  miss ion  phases ,  i s  t o  
perform an a l t e r n a t e  m i s s i o n .  T h e r e f o r e ,  t h e  e x t e n t  o f  a l l o w a b l e  d e v i a t e d  
f l i g h t  c o n d i t i o n s  must be determined i n  advance t o  i n s u r e  t h a t  t h e  d e s i r e d  
a l t e r n a t e  mission c a p a b i l i t y  w i l l  e x i s t .  Also, due c o n s i d e r a t i o n  must be 
g iven  t o  t h e  p r o v i s i o n  of  r e a s o n a b l e  i n i t i a l  c o n d i t i o n s  f o r  performance 
o f  an a b o r t  maneuver. These t h i n g s  have been done by t h e  development of  
a crew moni tc r ing  procedure which i n c l u d e s  a p p r o p r i a t e  S-IVB shutdown 
L i m i t s .  

The c r e w  musL b e  a b l e  t o  monitor  and e v a l u a t e  TLI without  ground 
s x j j p r t  because t h e  maneuver can occur  o f f  t h e  MSFN t r a c k i n g  r a n g e .  
A schematic  of the  b a s i c  crew moni tor ing  t e c h n i q u e  ( f i g .  1) shows t h a t  
an  a b o r t  can be performed f o r  S-IVB a t t i t u d e  r a t e  problems, for a t t i t u d e  
d e v i a t i o n  problems, and f o r  SC system problems. Because S-IVB problems 
normally would r e s u l t  i n  an a l t e r n a t e  m i s s i o n ,  on ly  a c r i t i c a l  SC 
system problem i s  l i k e l y  t o  r e q u i r e  an a b o r t .  

S e v e r a l  s i g n i f i c a n t  i t e m s  can b e  noted about  t h e  TLI  moni tor ing  
t e c h n i q u e .  

1. The T L I  maneuver w i l l  b e  i n h i b i t e d  i f  t h e  launch  v e h i c l e  at-  
t i t u d e  before  i g n i t i o n  i s  more t h a n  10' from nominal as determined by 
h o r i z o n  r e f e r e n c e .  

2 .  The T L I  maneuver w i l l  b e  t e r m i n a t e d  by t h e  crew f o r  S-IVB 
i n i t i a t e d  r a t e s  of 1 0  deg/sec .  

3 .  The T I J  m7neirvcr w i l l  he t e r m i n a t e d  by t h e  crew w i t h  t h e  a b o r t  
handle  f o r  a t t i t u d e  d e v i a t i o n s  of 45' from t h e  nominal a t t i t u d e ,  which 
are determined by onboard c h a r t s  of t h e  nominal n i t c h  and yaw gimbal 
a n g l e  h i s t o r i e s .  

4. A backup t o  t h e  S-IVB guidance c u t o f f  s i g n a l  w i l l  be performed 
by t h e  crew i f  t h e  S-IVR has  n o t  s h u t  down a t  t h e  end of t h e  p r e d i c t e d  
burn  t i n e  plus a 2a d i s p e r s i o n  of 6 .0  seconds and i f  t h e  nominal i n e r t i a l  
v e l o c i t y  d i m l a y e a  by t h e  SC computer has  been achieved .  

The crew c h a r t s  mentioned i n  i t e m  3 are  shown i n  crew c h a r t s  3 and 4 .  
The double  s c a l e  on t h e  D i t c h  c h a r t  (crew c h a r t  3 )  i n d i c a t e s  t h e  TLI  
i g n i t i o n  gimbal a n g l e  f o r  a 72' l aunch  azimuth.  For  any o t h e r  day o r  
launch azimuth, t h e  crew w i l l  renumber t h e  s c a l e  by changing t h e  zero  
p o i n t  t o  t h e  i g n i t i o n  p i t c h  gimbal  a n g l e  upl inked  hy t h e  ground c o n t r o l  
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d u r i n g  EPO. A f t e r  a n  S-IVB shutdown by u s e  of t h e s e  c h a r t s ,  t h e  c r e w  
will r e c e i v e  a l t e r n a t e  m i s s i o n  midcourse requirements from t h e  ground. 
The r a t i o n a l e  f o r  t h e  monitor ing procedures  and for t h e  d e t e r m i n a t i o n  
of t h e  p r e v i o u s l y  d i s c u s s e d  limits are documented i n  references 2 ,  3,  
' i r l i  4. 

If  a tumbled S- IVB i n e r t i a l  p l a t f o r m  e x i s t s  d u r i n g  TLI, t h e  crew 
mcLy assume manual c o n t r o l  of  t h e  burn  w i t h  t h e  hand c o n t r o l l e r .  I n  t h i s  
case,  t h e  I M U  would be used t o  o b t a i n  r e f e r e n c e  informat ion ,  and t h e  
crew c h a r t s  could  b e  used t o  obta in  r e f e r e n c e  i n f o r m a t i o n .  A ground 
r u l e  for manual t a k e o v e r  r e q u i r e s  i l l u m i n a t i o n  of t h e  guidance f a i l u r e  
l i q h t s  when t h e  S-IVB p l a t f o r m  i s  tumbled. The 45' a t t i t u d e  d e v i a t i o n  
l i m i t s  are r e q u i r e d  for p r o t e c t i o n  a g a i n s t  o t h e r  S-IVB m a l f u n c t i o n s .  

Although t h e  recommended procedure t o  s h u t  down t h e  S-IVB i n v o l v e s  
use of t h e  above c h a r t ,  t h e  same end could be accomplished by t h e  crew 
m e n t a l l y  computing d i f f e r e n c e s  between t h e  a c t u a l  a t t i t u d e  and v a l u e s  
from a p r e f l i g h t  table  of a t t i t u d e s  at d i s c r e t e  t imes.  

A comparison o f  t h e  nominal p i t c h  gimbal a n f f l e  w i t h  D i t c h  gimbal 
a n p l e  v a r i a t i o n s  f o r  s e v e r a l  malfunct ioning T L I  burns  i s  provided  i n  
f i g u r e  2 .  

5 .2  TLI Abort C r e w  C h a r t s  

The 10-minute f i x e d  a t t i t u d e  a b o r t  i s  des igned  t o  enable  t h e  crew 
t o  r e t u r n  t o  e a r t h  as r a p i d l y  as p o s s i b l e ,  without  r e g a r d  t o  l a n d i n g  
l o c a t i o n ,  i f '  a c a t a s t r o p h i c  SC subsystem problem should  occur  which could  
hc i s o l a t e d  d u r i n g  t h e  TLI burn. I t  h a s  been recommended t h a t ,  i f  t h e  
r i t i ic t t ion p e r m i t s ,  t h e  crew should a l l o w  t h e  S-IVB t o  c o n p l e t e  TLI,  a t  
which t i m e  t h e  pround could a s s i s t  i n  performance of a system mal funct ion  
a n a l y s i s .  A s  y e t ,  no single poin t  f a i l u r e s  are known which would r e q u i r p  
t h e  crew t o  s h u t  down t h e  S-IVB manually and t o  execute  t h i s  a b o r t  
mineliver immediately.  

'The fo l lowing  t ime l i n e  has been recommended f o r  t h e  10-minute 
' ' ixed a t t i t u d e  a b o r t .  The a c t u a l  t i m e  l i n e  w i l l  b e  p r e s e n t e d  i n  t h e  
Apollo Abort Summary f o r  Apollo 1 0  (Mission F) t o  be prepared  by t h e  
C r e w  S a f e t y  S e c t i o n ,  C r e w  Safe ty  and Procedures  Branch, F l i g h t  C r e w  
Si i tyort  D i v i s i o n .  
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Event 

00: no 

00: 03 

00: 13 

01:oo 

01 : 08 

04 : 00 

05:oo  

09:  30 

10: 00 

S- IVB burn  t i m e  i s  r e c o r d e d ;  THC i s  t u r n e d  
counterc lockwise  t o  i n i t i a t e  S-IVB shut -  
down; i n e r t i a l  v e l o c i t y  ( v . )  1 i s  recorded  

from t h e  DSKY;  t h e  f o u r  +X RCS ,jets are  
t u r n e d  on 

CSM/S-IVB s e p a r a t i o n  o c c u r s  

The f o u r  +X RCS j e t s  are t u r n e d  o f f ;  t h e  
crew b e g i n s  t o  n i t c h  un (+ \  down) t o  -r 

(down t h e  r a d i u s  v e c t o r ) ,  w i t h  t h e  e a r t h  
used as t h e  v i s u a l  r e f e r e n c e  t o  de te rmine  
-r 

The f o u r  -X RCS , jets are  t u r n e d  on t o  i n i t i a t e  
an  e v a s i v e  maneuver t o  p r o v i d e  c l e a r a n c e  
between t h e  CSM and S-IVB f o r  t h e  a b o r t  
maneuver 

The f o u r  -X R C S  ,jets are t u r n e d  o f f ;  t h e  crew 
b e g i n s  maneuvers t o  t h e  a b o r t  maneuver 
t h r u s t i n g  a t t i t u d e  ( f i g .  3 )  a f t e r  having 
d r i v e n  t o  t h e  fo l lowing  I W  gimbal a n g l e s :  

OGA = 180° 

I G A  = ground computed i n  EPO 
MGA = o.oo 

The crew s e l e c t s  t h e  a b o r t  AV from a c h a r t  
of AV v e r s u s  V and S-IVB t (crew c h a r t  5 )  i B 
and e n t e r s  t h i s  v a l u e  i n  t h e  AV c o u n t e r ;  t h e  
crew bepins  n r e p a r a t i o n s  for an SCS auto-  
m a t  i c maneuver 

The C O A S  e l e v a t i o n  a n g l e  i s  rese t  t o  0'; t h e  
CDR ad, justs  h i s  p o s i t i o n  on t h e  couch t o  
view t h e  hor izon  through t h e  COAS r e t i c l e  
image 

The s p a c e c r a f t  i s  a l i n e d  t o  t h e  r e q u i r e d  hor izon  
r e f e r e n c e d  a t t i t u d e  ( f i g .  3 )  

The SPS i s  i g n i t e d  and t h e  burn  i s  c o n t r o l l e d  
by SCS automat ic  

e 
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The crew w i l l  have a second c h a r t ,  crew c h a r t  6 ,  t o  enable them 
t o  de termine  i f  s u f f i c i e n t  t ime remains a f t e r  t h e  a b o r t  t o  Derform a 
V C C  n r i o r  t o  e n t r y .  
and S-IVB EMS AV have been orovided as indenendent  backuD Darameters. 

I n  b o t h  crew c h a r t s  5 and 6 ,  S-IVB burn  t i m e  

T y p i c a l  TLI burn  groundtracks and l a n d i n g  p o i n t  l o c i  are shown i n  
For t h e  a b o r t  t o  b e  as i n s e n s i t i v e  as p o s s i b l e  t o  e x e c u t i o n  f i p u r e  4. 

e r r o r s ,  t h e  maneuver i s  t a r g e t e d  t o  a c h i e v e  t h e  cont ingency ta rge t  l i n e ,  
which i s  t h e  saTe as t h e  e n t r y  t a r g e t  l i n e  t h a t  i s  s t o r e d  i n  t h e  CMC. 
T h e r e f o r e ,  subsequent  midcourse c o r r e c t i o n s  determined onboard w i l l  b e  
t a r g e t e d  t o  t h e  e n t r y  t a r g e t  l i n e  used t o  de te rmine  t h e  a b o r t  A t r .  

P rev ious  s t u d i e s  have shown t h a t  t h i s  maneuver i s  r e l a t i v e l y  i n -  
s e n s i t i v e  t o  e x e c u t i o n  e r r o r s  i n  a b o r t  AV and i g n i t i o n  t i m e .  However, 
t h i s  a b o r t  maneuver i s  very  s e n s i t i v e  t o  a t t i t u d e  e r r o r s  f o r  a b o r t s  
nert’ormed a f t e r  apnroximately 200 seconds i n t o  t h e  T L I  burn.  Neverthe- 
l e s s ,  s u f f i c i e n t  t i m e  p r i o r  t o  e n t r y  remains a f t e r  t h i s  t i m e  t o  perform 
a midcourse c o r r e c t i o n .  

6 . 0  LUNAR ORBIT INSERTION ABORT CREW CHARTS 

6 . 1  Nominal Yission (CSM/Lb() C r e w  Char t s  

During t h e  LO1 b u r n ,  f a i l u r e  of t h e  SPS engine  would r e q u i r e  LM 
i c t i v a t i o n  fol lowed by one o r  more docked DPS burns  t o  i n j e c t  t h e  S C  
on t h e  t r a n s e a r t h  c o a s t .  A comalete d e s c r i p t i o n  of  t h e  LFI a b o r t  modes 
i s  p r e s e n t e d  i n  r e f e r e n c e  1. Monitoring of  SPS systems d u r i n g  t h e  b u r n ,  
however, would pe rmi t  t e rmina t ion  of t h e  LO1 burn  b e f o r e  an SPS burn  
c a n a b i l i t y  i s  lost. 

Fecause s p e c i f i c  SPS problems d u r i n p  t h e  burn can b e  i d e n t i f i e d  
and t h e  LO1 burn t e r m i n a t e d ,  t h e  SPS engine  may b e  a v a i l a b l e  f o r  an 
a7)ort maneuver a f t e r  manual shutdown. Tn g e n e r a l ,  however, t h e  SPS 
problems cons idered  i n  t h e  Apollo 10 (Miss ion  F) miss ion  r u l e s  are as- 
s o c i a t e d  w i t h  decaying p r o n e l l a n t  t a n k  n r e s s u r e .  For t h i s  r e a s o n ,  an 
inimcdiate SPS a b o r t  c a p a b i l i t y  would b e  d e s i r a b l e  because t h e  n r e s s u r e  
decay might p r e c l u d e  SPS r e s t a r t s  i f  an extended c o a s t  p e r i o d  occurred  
nrior t o  a b o r t .  Although t h e  DPS h a s  t h e  c a n a b i l i t y  t o  r e t u r n  t h e  SC 
t o  e a r t h  f o r  any e a r l y  LO1 shutdown d u r i n g  An0110 1 0  (Mission F ) ,  LM 
a c t , i v a t i o n  and n o s s i b l y  two DPS burns a r e  r e a u i r e d .  

The 15-minute crew c h a r t  develooed f o r  Apollo 8 (when no DPS backun 
w a s  a v a i l a b l e )  i s  inc luded  f o r  A~ollo 10 because  t h e  r e l a t i v e l y  simole 
procedure  could reduce t h e  crew a c t i v i t y  r e q u i r e d  i f  SPS nroblems of t h e  
t y n e  p r e v i o u s l y  mentioned became e v i d e n t .  
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For t h e  F m i s s i o n ,  t h e  SPS AV a v a i l a b l e  i n  t h e  docked c o n f i g u r a t i o n  
i s  such t h a t  t h e  15-minute a b o r t  i s  a v a i l a b l e  f o r  o n l y  a Dor t ion  o f  t h e  
LOT h i m .  The a n p l i c a b l e  r e p i o n  of t h e  LO1 burn  i s  d i s c u s s e d  i n  t h e  
f o l l o w i n g  narapranhs.  

B s s i c a l l y ,  t h e  procedure f o r  u s e  of t h e  15-minute crew c h a r t  i s  as 
foll aws. 

1. After manual SPS shutdown, t h e  crew maneuvers t h e  CSM/LM com- 
h i n a t i o n  t o  a s e t  o f  gimbal a n g l e s  r e l a t i v e  t o  t h e  CM IMU o r i e n t a t i o n .  
Thcsp pimbal angles  a r e  conta ined  on t h e  c h a r t  and are t h e  same regard-  
l e s s  of L O 1  burn d u r a t i o n .  

2. The a b o r t  AV magnitude i s  r e a d  from t h e  c h a r t  (crew c h a r t  7 )  
and i s  9 f u n c t i o n  of t h e  DVM r e a d  from t h e  DSKY a f t e r  shutdown. The 
burn t i m e  can b e  used as a backup. 

3 .  An SPS/SCS burn i s  i n i t i a t e d  a t  L0I- l IG p l u s  1 5  minutes .  There- 

f o r e ,  a cons tan t  t i m e  o f  i g n i t i o n  r e s u l t s .  

4. If t h e  SPS cannot be r e s t a r t e d ,  t h e  normal DPS a b o r t  procedure 
i s  fo l lowed.  

I t  i s  recommended t h a t  t h e  15-minute a b o r t  be used f o r  LO1 shutdowns 
S 

r r i o r  t o  3rr,00s a l though t h e  c h a r t  w i l l  b e  extended u n t i l  hm00 
a b o r t  AV i s  apnroximately 500 fns less  t h a n  t h e  available SPS AV ( a  

nominal SPS performance i s  assumed).  
l u n a r  c l l i n s e  w i t h  a n e r i o d  of 1 5  hours  has  been achieved .  The w e a b o r t  
p e r i o d s  i n  t h i s  r e g i o n  of t h e  LO1 burn  a r e  shown on t h e  crew c h a r t .  For 
t h e  remainder of  t h e  LOI b u r n ,  a mode 111 DPS a b o r t  can be i n i t i a t e d  
a f t c r  one r e v o l u t i o n ,  and immediate Li’i a c t i v a t i o n  i s  not  r e q u i r e d .  A s  a 

o o i n t  of i n t e r e s t ,  i f  t h e  c h a r t  i s  used a t  2m50S i n t o  L O I ,  t h e  t o t a l  SPS 
burn t i m e  ( L O 1  p lus  a b o r t )  i s  anproximately 20 seconds l o n g e r  t h a n  i f  
t h e  LOT burn had been cont inued  t o  nominal shutdown. 

when t h e  

A t  3m00S i n t o  t h e  LO1 b u r n ,  a s t a b l e  

B a s i c a l l y ,  t h e  15-minute crew c h a r t  p r o v i d e s  t h e  crew t h e  c a p a b i l i t y  
t o  t a r p e t  an SPS burn  onboard t o  r e t u r n  t o  t h e  f r e e - r e t u r n  t r a j e c t o r y  
a f t e r  manual SPS shutdown. 

6 . 2  A l t e r n a t e  Mission (CSM o n l y )  C r e w  C h a r t s  

One of t h e  a l t e r n a t e  miss ions  planned f o r  c o n t i n g e n c i e s  t h a t  could  
s r i s e  during t h e  nominal F miss ion  i s  a CSM-only l u n a r  o r b i t a l  m i s s i o n .  
T h i s  a l t e r n a t e  miss ion  i s  similar t o  t h e  Apollo 8 m i s s i o n  i n  t h a t  t h e  
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Lr4 backuz, t o  an SPS f a i l u r e  i s  not a v a i l a b l e .  I n  g e n e r a l ,  t h i s  a l ter-  
n a t e  m i s s i o n  would occur  i f  a f a i l u r e  of LM e x t r a c t i o n  occurred  a f t e r  
T L I .  T h i s  a l t e rna te  miss ion  could a l s o  be caused by an e a r l y  TLI shut -  
down fol lowed by a l a r g e  SPS YCC t o  r e tu rn  t h e  CSM/L!I t o  a f r e e - r e t u r n  
T C .  “hen t h e  LY would have t o  be j e t t i s o n e d  because of i t s  AV Denal ty ,  
and an Apo l lo  8 t y n e  miss ion  would be f lown.  

FioveTrcr, c u r r e n t  a n a l y s i s  has i n d i c a t e d  t h e  f e a s i b i l i t y  of a DPS 
L; I -1  burn a s  an a l t e r n a t e  mission ( r e f .  5 ) .  Because t h i s  a l t e r n a t e  
miss ion  would t a k e  precedence over a CSM-only l u n a r  o r b i t a l  m i s s i o n  
(a:‘ter a l:irl.-e FPS MCC on t h e  TLC), it w a s  assumed t h a t  a l l  t h e  SPS 
o r o n e l l a n t  remained D r i o r  t o  t h e  CSV-only LO1 burn  for which t h e  CSM- 
only crew c h a r t s  w e r e  p r e a a r e d .  

Tf SPS pi-oblems occur  during LO1 which i n d i c a t e  an a-osroachinE SPS 
f a i l u r e  ( s u c h  as a decay i n  t h e  nroDel lan t  t a n k  s r e s s u r e s ) ,  t h e  recom- 
mended s r o c e d u r e  i s  t o  s h u t  down t h e  SPS engine  manually.  The subse- 
quent crew a c t i o n  w i l l  b e  an SPS restar t  by u s e  of t h e  15-minute crew 
c h a r t .  However, i f  i n a d v e r t e n t  SPS shutdown occurs  d u r i n g  LO1 and 
ground communications are l o s t ,  e i t h e r  t h e  mode I 5-hour crew c h a r t s  or 
t h e  mode I11 crew c h a r t s  w i l l  be  used ( b a s e d  on t h e  t i m e  o f  LO1 
shutdown).  

B a s i c a l l y ,  t h e  procedure f o r  u s e  of  t h e  crew c h a r t s  i s  as f o l l o w s .  

1. The crew maneuvers t h e  CSM t o  a s e t  of gimbal a n g l e s  r e l a t i v e  
t n  t h e  CPJI Ib’RJ o r i e n t a t i o n .  These gimbal a n g l e s  a r e  i n c l u d e d  on each 
c h a r t  and are t h e  same f o r  a n a r t i c u l a r  mode, r e g a r d l e s s  of  LO1 burn  
d u r a t i o n .  

2 .  The a b o r t  AV magnitude is  r e a d  from t h e  c h a r t  and i s  a f u n c t i o n  
of t h e  DvrYl r e a d  from t h e  DSKY a f t e r  LO1 shutdown. (The LO1 burn  t i m e  
c i n  be used as a backup.)  

3.  The t i m e  of i g n i t i o n  i s  determined from t h e  crew c h a r t .  For  
t h c  mode I 15-minute c h a r t  and t h e  5-hour c h a r t  
P . e . t .  o f  i g n i t i o n  i s  a c o n s t a n t .  For t h e  mode I11 c h a r t  (crew c h a r t  9 ) ,  
t h e  se lenographic  l o n g i t u d e  of i g n i t i o n  i s  r e a d  and conver ted  t o  t h e  
t i m e  of i g n i t i o n  by u s e  of CMC P21 (which r e q u i r e s  i t e r a t i o n  on t i m e  
of i ; ; n i t i o n ) .  An estimate of t h e  t i m e  of i g n i t i o n  i s  provided  by an 
a d d i t i o n a l  s c a l e  on t h e  mode I11 c h a r t .  

(crew c h a r t  8 ) ,  t h e  

4. 4 t  t h e  c o r r e c t  t i m e  o f  i g n i t i o n ,  an SPS/SCS burn  of  t h e  r e q u i r e d  
AV magnitude i s  i n i t i a t e d .  
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The p o s s i b i l i t y  of such a CSM-only l u n a r  o r b i t a l  a l te rna te  mis s ion  
i s  of low p r o b a b i l i t y .  I n  a d d i t i o n ,  t h e  system problems t h a t  would 
r e o u i r e  t h e  use o f  t h e s e  a l t e r n a t e  miss ion  crew c h a r t s  can be  cons idered  
a t  l e a s t  a double f a i l u r e  s i t u a t i o n .  On t h e  o t h e r  hand, because  of t h e  
r e l a t i v e  s i m n l i c i t v  of t h e  c h a r t s  and of t h e  f a i r l y  low work l e v e l  
r e q u i r e d  for t h e i r  p r e n a r a t i o n ,  t h e y  a r e  inc luded  among t h o s e  recommended 
by t h e  F l i p h t  Analys is  Branch. 
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Figure  1 .- Basic crew tnaneuver monitoring technique. 
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